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Research
ow birthweight is a risk factor for
death in infants and young children,1
and probably predisposes adults to
chronic disease and chronic disease mortal-
ity.2 Birthweights have been low in Aborigi-
nal Australians since recording began, and
higher death rates have been described in
low birthweight Aboriginal infants and chil-
dren.3-5 However, both infant and child
mortality have been falling for some time,6,7
with more lower birthweight people surviv-
ing to adult life. Against this background, an
epidemic of chronic disease has emerged
among Aboriginal people.7,8
We have described associations of lower
birthweight with higher blood pressures,
hyperinsulinaemia, albuminuria and diabetes
in young Aboriginal adults.9-11 Albuminuria
predicts renal failure as well as ischaemic
heart disease and cardiovascular and all-
cause natural death.12,13 This infers that
lower birthweights contribute to deaths from
chronic disease in Aboriginal adults, but such
an association has not yet been described.
Historically, uncertainties about ethnic
assignment and population denominators
have thwarted accurate ascertainment of
mortality rates in Indigenous people.7 We
describe trends in mortality and associations
with birthweight in one Aboriginal group
living in a remote location. In this study,
community and ethnic assignment and the
cohort denominator were both certain.
METHODS
The study community comprises a homoge-
neous ethnic group that lives on two islands
off the coast of the Northern Territory, about
90 km from Darwin. In the 2006 census, the
Aboriginal population was described as
2029 people, 43% of whom were aged less
than 20 years. A mission ran the local health
clinics over the described birth intervals.
This community has very high rates of death
and renal failure, as described previ-
ously.12,14,15
Our study cohort consisted of people for
whom birthweights were recorded, and who
were born alive to Aboriginal mothers of this
tribal group between 1956 and 1985. The
study cohort was followed from birth
through to 31 December 2006, with the
primary outcome of interest being interim
death from natural causes or continued sur-
vival.
Most babies were born in the bush before
the observation period. Deliveries in the
local clinic began in the mid 1950s, and
were routine by the mid 1960s. High-risk
deliveries were supervised at the Royal Dar-
win Hospital. Deliveries, the tribal or com-
munity assignment of the mother and the
mother’s name, were recorded in log books.
Recording of birthweights for babies born in
the local clinic was sporadic through the late
1950s, but was systematic by the mid
1960s, and was routine throughout for hos-
pital deliveries. Birthweights were recorded
in pounds and ounces initially, and later in
kilograms and grams. Birth length, head
circumference and placental weight were
only recorded in the latter half of the birth
intervals studied within our study period
and gestational ages only in the last 4 years
of the birth intervals (from 1981 on).
Terminal events were ascertained from the
clinic death log, in which the death of every
community member had been recorded,
and from medical records and regional dia-
lysis unit records. The vital status of individ-
uals in the birth cohort who were not
personally known to the investigators was
confirmed by two Aboriginal community
members of the study team, both of whom
were born in the 1940s. They remembered
the entire observation period, and knew
everyone from the birth cohort who was still
alive, and his or her whereabouts.
Causes of natural death were compiled
from the death registers, in which the cir-
cumstances and clinical conditions sur-
rounding death had been described in
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ABSTRACT
Objectives:  To describe associations between birthweight and infant, child and early 
adult mortality from natural causes in a remote Australian Aboriginal community against 
a background of rapidly changing mortality due to better health services.
Design, participants and setting:  Cohort study of 995 people with recorded 
birthweights who were born between 1956 and 1985 to an Aboriginal mother in a 
remote Australian Aboriginal community. Participants were followed through to the end 
of 2006.
Main outcome measures:  Rates of natural deaths of infants (aged 0 to < 1 year), 
children (aged 1 to < 15 years) and adults (aged 15 to < 37 years), compared by birth 
intervals (1956–1965, 1966–1975 and 1976–1985 for infants and children, and 1956–1962 
and 1963–1969 for adults) and by birthweight.
Results:  Birthweights were low, but increased over time. Deaths among infants and 
children decreased dramatically over time, but deaths among adults did not. Lower 
birthweights were associated with higher mortality. Adjusted for birth interval, hazard 
ratios for deaths among infants, children and adults born at weights below their group 
birthweight medians were 2.30 (95% CI, 1.13–4.70) ), 1.78 (95% CI, 1.03–3.07) and 3.49 
(95% CI, 1.50–8.09), respectively. The associations were significant individually for deaths 
associated with diarrhoea in infants, with cardiovascular and renal disease in adults, and 
marginally significant for deaths from pulmonary causes in children and adults.
Conclusion:  The striking improvements in infant and child survival over time must be 
applauded. We confirmed a predisposing effect of lower birthweights on deaths in 
infants and children, and showed, for the first time, an association between lower 
birthweights and deaths in adults. Together, these factors are probably contributing to 
the current epidemic of chronic disease in Aboriginal people, an effect that will persist 
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narrative. Deaths were often assigned multi-
ple causes. Deaths were categorised by age.
Infant deaths were defined as those occur-
ring in the first year of life. We initially
divided deaths among children into early
childhood deaths (those occurring between
ages 1 and <5 years), and later childhood
deaths from age 5 to < 15 years. However, as
there were only four natural deaths among
children aged 5 to < 15 years, all childhood
deaths were amalgamated to a single cate-
gory as deaths occurring between ages 1 and
< 15 years. Deaths among adults were
defined as those occurring at  15 years of
age, in accordance with World Health
Organization criteria,16 and, in this study,
before the age of 37 years.
Survival intervals for infants were calcu-
lated from birth until date of death at < 1
year of age, or, for survivors, until the day
they turned 1 year old. Survival intervals for
children were calculated from age 1 year
until death at < 15 years, or, for survivors,
until the day they turned 15 years old.
Survival intervals for adults born before
1970 were calculated from age 15 until they
died or started dialysis (equivalent to a
natural renal death) at < 37 years, or until
they were censored from our study at age 37
years. Rates of death were calculated from
the number of deaths divided by the person-
years at risk over the relevant age-defined
range. People who died from deaths of
misadventure were censored on the date of
death, contributing to the person-years of
survival to that point, but their deaths were
not included among natural deaths.
To evaluate infant and childhood deaths,
the study cohort was divided into three
“birth cohorts” according to the intervals in
which they were born. These intervals were
1956–1965, 1966–1975 and 1976–1985.
All participants were born more than 15
years before the analysis. Adult deaths (at 15
to <37 years)  were compared for people
born in 1956–1962 and 1963–1969, all of
whom were born more than 37 years before
the censor date. The associations of survival
with intervals of birth and with categories of
birthweight were calculated by Cox propor-
tional hazards regression, and the associa-
tions of birthweight with survival were
evaluated, with adjustment for interval of
birth.
Finally, in each age category, mean birth-
weights of those who died a natural death
were compared with those of survivors.
Ethics approval
Ethics approval for this work was granted
separately for two projects: “The epidemiol-
ogy and prevention of renal disease in Aus-
tralian Aborigines”, granted by the ethics
committees of the Royal Darwin Hospital
and Northern Territory Health Services; and
“Chronic disease profiles and chronic dis-
ease deaths in a remote NT community”,
approved by the community’s Health Board
and Land Council, and the Human Research
Ethics Committee of the Department of
Health and Community Services, NT, the
Menzies School of Health Research, NT and
the University of Queensland, Brisbane,
QLD. Members of the community were
employed as staff in both projects.
RESULTS
Birthweights were recorded for 995 people
born between 1956 and 1985. Box 1 shows
birthweight data by birth interval for the
entire study cohort. Average birthweights
2 Categories of underlying or contributing causes of natural death
Age group and underlying or contributing cause
Natural 
deaths
Causes 
assigned*
Infants (live birth, but death at < 1 year)
Total 35 54
Pulmonary (bronchitis, bronchiolitis, pneumonia) 16
Gastrointestinal (diarrhoea, gastroenteritis) 12
Sudden infant death or “cot death” 10
Other (prematurity, birth injury, congenital abnormalities, meningitis, 
encephalitis)
16
Children (death at 1 to <15 years)
Total 55 72
Pulmonary (bronchitis, bronchiolitis, pneumonia, bronchiectasis) 26
Gastrointestinal (diarrhoea, gastroenteritis) 33
Other (meningitis, encephalitis, viral infection, congenital abnormalities, 
rheumatic heart disease, sudden infant death [two cases at age 1 to < 2 
years])
13
Adults (death at 15 to < 37 years)
Total 31 39
Pulmonary (pneumonia, bronchitis, bronchiectasis, respiratory failure, 
chronic obstructive pulmonary disease, primary pulmonary 
hypertension, acute respiratory disease)
9
Cardiovascular (heart attack, acute myocardial infarction, cardiac arrest, 
congestive heart failure, pulmonary oedema, aortic valve disease, 
atherosclerosis, coronary artery disease)
10
Renal (maintenance dialysis commenced, death with terminal renal 
failure without dialysis)
10
Other (sepsis, liver failure, lupus, cirrhosis, pericarditis, colloid cyst, 
congenital abnormalities, rheumatic heart disease)
10
* Numbers of deaths by assigned causes exceed the total numbers of deaths because multiple conditions were 
often associated with deaths. ◆
1 Summary of birthweight data by birth interval for the entire study cohort of 
995 people for whom birthweights were recorded
Birth interval
Total 
births
Range of 
birthweights
Mean 
birthweight (SD)
Birthweight 
< 2.5 kg
1956–1965 308 1.13–4.31 kg 2.65 (0.49)kg 39.3%
1966–1975 332 1.00–4.35 kg 2.70 (0.54)kg 33.7%
1976–1985 355 1.07–4.60 kg 2.87 (0.52)kg 22.5%
Total 995 1.00–4.60 kg 2.74 (0.53)kg 31.4%
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were low, and rates of low birthweight were
high, but average birthweights increased
and low birthweight rates decreased over
the period of observation.
Deaths among people included in the
survival analysis included 121 natural
deaths and 24 deaths of misadventure
(caused by accidents, burns, drowning,
jellyfish stings, crocodile attacks, homicides,
suicides and intoxication). There were four
deaths of misadventure among infants, eight
among children and 12 among adults.
Box 2 shows the numbers and assigned
causes of natural deaths in each age group.
Among the 121 natural deaths, there were
165 assigned causes. Prominent causes of
death were gastrointestinal and pulmonary
causes in infants, and gastrointestinal and
pulmonary causes in children. Among
adults (347 people born before 1970), 31
(8.9%) died of natural causes before their
37th birthday. Their ages at death ranged
from 16.0 to 36.9 years (median, 30.9
years). Pulmonary, cardiovascular, renal and
other causes of death were all prominent,
and none had diabetes recorded among
causes of death.
Box 3 shows that there were marked
reductions in infant death rates over the
three successive 10-year birth intervals
(trend significant). Twenty-four of the 35
infant deaths occurred in the first birth
interval, eight in the second, and three in
the third. The infant death rate in the most
recent birth interval was about one-tenth of
that in the first birth interval. There was also
a trend towards higher death rates among
infants born at a weight below each cohort’s
median birthweight. This phenomenon is
shown graphically in Box 4, A.
Box 3 also shows dramatic reductions
over time in deaths among children; 44 of
the 55 natural deaths among children
occurred in the first birth interval, 10 in the
second and one in the third birth interval.
Rates of death among children born in the
third birth interval were only 1.5% of those
in children born in the first interval. Box 3
also shows a trend towards higher death
rates in children who were born at weights
below their group median birthweights (this
is also illustrated in Box 4, B).
As shown in Box 5, death rates in young
adults born in the more recent birth interval
were 77% of those born in the earlier inter-
val, a difference that was not significant.
However, in both birth cohorts, death rates
3 Rates of natural death by birth interval and birthweight in infants (aged < 1 year) and children (aged 1 to < 15 years)
No. of infant 
deaths/no. of 
person-years
Rate of deaths (95% CI) 
per 1000 person-years† P
No. of childhood 
deaths/no. of 
person-years
Rate of deaths (95% CI) 
per 1000 person-years‡ P
Birth interval 1956–1965
All natural deaths 24/292.0 82.2 (55.1–122.6)† 44/3399 12.9 (9.6–17.4)
Birthweight* < 2.66 kg 15/140.7 106.7 (64.3–176.9) 27/1550 17.4 (11.9–25.4)
Birthweight*  2.66 kg 9/151.3 59.5 (30.9–114.3) 0.17 17/1849  9.2 (5.7–14.8) 0.06
Birth interval 1966–1975
All natural deaths 8/325.5 24.6 (12.3–49.1)† 10/4310 2.3 (1.2–4.3)
Birthweight* < 2.68 kg 7/157.9 44.3 (21.1–93.0) 5/2061 2.4 (1.0–5.8)
Birthweight*  2.68 kg 1/167.6 6.0 (0.8–42.0) 0.03 5/2249 2.2 (1.0–5.3) 0.91
Birth interval 1976–1985
All natural deaths 3/353.6 8.5 (2.7–26.3)† 1/4903 0.2 (0–1.4)
Birthweight* < 2.86 kg 2/176.8 11.3 (2.8–45.2) 1/2450 0.4 (0.1–2.9)
Birthweight*  2.86 kg 1/176.8 5.7 (0.8–40.2) 0.56 0/2453 0 0.32
* Group-specific medians for birthweight. † P for trend in infant death rates by birth interval, < 0.001. ‡ P for trend in childhood death rates by birth interval, <0.001. ◆
4 Rates of natural deaths in infants, children and adults
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were higher among those below their group
median birthweights (Box 4, C), and this
difference was significant for those born in
the second birth interval.
Box 6 shows that mean birthweights of
those who died a natural death were con-
sistently lower than those who were sur-
vivors. These differences were significant
for deaths in all three age categories, with
an average of 300 g difference for infants
(2.45 kg [SD, 0.63 kg] v 2.75 kg [SD,
0.52 kg]; P < 0.001), 250 g for children
(2.51 kg [SD, 0.50 kg] v 2.77 kg [SD,
0.52 kg]; P < 0.001) and almost 250 g for
young adults (2.43 kg [SD, 0.39 kg] v
2.67 kg [SD, 0.51 kg]; P = 0.002).
Box 7 shows that, for those with birth-
weights below their group median, the risks
of natural deaths among infants, children,
and adults were increased 2.30, 1.78 and
3.49 times relative to those of higher birth-
weights, adjusted for sex and for birth inter-
val. The differences were still significant for
those born below 2.5 kg. Those associations
existed for both females and males.
This association of lower birthweights
with higher death rates was consistent for
most causal categories of natural death. The
relationships were significant around the
birthweight median for infant deaths with a
gastrointestinal cause (Box 8, A). They were
marginally significant around the birth-
weight median for pulmonary deaths in
children (Box 8, B), and, for birthweights
below 2.5 kg, were significant for pulmon-
ary deaths and marginally significant for
gastrointestinal deaths (P = 0.07). They were
significant for pulmonary deaths in young
adults, marginally significant for cardiovas-
cular and renal deaths separately, and signi-
ficant for cardiovascular and renal deaths
combined (Box 8, C).
Among the 12 young adults who died by
misadventure, 11 were men. Nine of these
were born in the first birth interval and
three were born in the second. Three deaths
were suicides (all by men). All 12 deaths by
misadventure occurred in people born at
weights above their group median.
DISCUSSION
The accuracy of the data in our study was
optimised by having a defined denominator
for those at risk (those with documented
birthweight), assured ethnic assignment
through identification of the mother, ascer-
tainment of outcome from clinical records,
and by confirmation of vital status through
senior community members.
The reductions in infant and child deaths
over time were dramatic. Of those born in
the first, second and third of our delineated
birth intervals, 22.1%, 5.4% and 1.1%,
respectively, died before their 15th birthday.
Improvement occurred across the birth-
weight spectrum, although the greatest
reduction in numbers of deaths was among
those born at lower birthweights.
Many factors have probably contributed
to this improvement. The care delivered by
the mission clinics has had a major impact.
In addition, this community, only a short
plane flight from Darwin, was an early bene-
ficiary of systematic protocols of hospital
resuscitation of sick infants, and of strength-
ened local programs of maternal, infant and
child care, instituted by the NT’s first paedi-
atrician, Alan Walker, who arrived in Dar-
win in 1964. Changes of a similar
magnitude subsequently occurred in other
communities.6,7
Discernment of trends in natural deaths in
young adults was limited by small numbers
of deaths thus far. The similar proportions of
young adult deaths in the first and second
adult birth interval (10.1% v 8.0%) are
compatible with the minimal change in mor-
tality of young Aboriginal adults (aged 25–
44 years) between 1981 and 1999 reported
by NT Health Services.17 It is also compat-
ible with a review of life expectancy from
1966 to 2001, which showed reduced mor-
tality among Indigenous adults overall, but
no decrease in mortality from chronic dis-
ease.18 However, the rate of increase of
6 Comparison of birthweight among 
those who died natural deaths and 
survivors, by age category
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7 Hazard ratios for all-cause natural death by birthweight below the median for 
each age group, and below 2.5 kg, adjusted for birth interval, age and sex
Birthweight below 
group median* Birthweight < 2.5 kg
Age group
No. of 
deaths
Hazard ratio 
(95% CI) P
Hazard ratio 
(95% CI) P
Infants (aged < 1 year) 35 2.30 (1.13 – 4.70) 0.02 2.35 (1.20 – 4.61) 0.01
Children (aged 1 to < 15 years) 55 1.78 (1.03 – 3.07) 0.04 1.88 (1.11 – 3.20) 0.02
Adults (aged 15 to < 37 years) 31 3.49 (1.50 – 8.09) 0.004 2.69 (1.32 – 5.51) 0.007
* Median for birth interval within each group. ◆
5 Rates of natural death in adults (aged 15 to < 37 years) by birth interval and 
birthweight
No. of deaths/no. 
of person years
Rate of deaths (95% CI) 
per 1000 person-years† P
Birth interval 1956–1962
All natural deaths 15/3060 4.9 (3.0–8.1)
Birthweight* < 2.61 kg 10/1386 7.2 (3.9–13.4)
Birthweight*  2.61 kg 5/1675 3.0 (1.2–7.2) 0.10
Birth interval 1963–1969 
All natural deaths 16/4238 3.8 (2.3–6.2)
Birthweight* < 2.72 kg 13/1942 6.7 (3.9–11.5)
Birthweight*  2.72 kg 3/2296 1.3 (0.4–4.1) 0.004
* Group-specific medians for birthweight. † P for trend in rates by birth interval, 0.47. ◆
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deaths from chronic disease might be slow-
ing, and the causes of death assigned within
that category are apparently changing.14,18-20
Our study confirms that birthweights
have been low in remote Aboriginal settings
as far back as records go, although they are
improving. The contributions of preterm
birth and intrauterine growth restriction
(IUGR) cannot be ascertained, and have
probably varied over time. In a retrospective
study of 819 Aboriginal newborn babies at
Royal Darwin Hospital from 1969 to 1983,
23.2% weighed less than 2.5 kg at birth, and
the predominant cause of this low birth-
weight was considered to be IUGR.21 A later
prospective study from 1987 to 1991 of 570
Aboriginal infants born at the same hospital
found that 13% weighed less than 2.5 kg at
birth, 7% were premature, and fully 22.7%
(of 502) were small for gestational age
(< 10th percentile), which represents
IUGR.22 However, a Western Australian
study from 1979 to 1983, and a study of
810 Aboriginal babies born at the Cairns
Hospital (serving Far North Queensland)
from 1992 to 1994 concluded that the
major contributor to low birthweight was
preterm birth.23,24
Lower birthweights predisposed to higher
mortality in infants, children and adults. In
infants, the strong predisposing effects of
lower birthweight on deaths assigned a gas-
trointestinal cause is compatible with the
high prevalence of diarrhoea in infants with
failure to thrive. However, other causes of
death, including sudden infant death,
tended towards an association with low
birthweight. In children and adults, the
effect was strongest for deaths from pulmon-
ary causes. However, for deaths at all ages,
wherever a trend existed, it was in the
direction of a predisposing effect of lower
birthweights on that causal category of
death, except for “other” deaths in young
adults.
The association of low birthweight with
infant and childhood deaths is well recog-
nised. However, our study is the first to
demonstrate a predisposing effect on adult
deaths in any Australian group. The effect
operates around median values of birth-
weight, as well as the standard “low birth-
weight” cutoff, and for all-cause natural
death in every age group. The striking asso-
ciations with pulmonary deaths in children
and adults is consistent with the adverse
effects of IUGR, prematurity and maternal
smoking on fetal lung development, and
reports of impaired lung function and accel-
erated lung ageing in people born at low
birthweights.2,25 The significant association
of lower birthweights with the combined
outcome of young adult deaths with renal
and cardiovascular causes, which are power-
fully linked,8,9,12,13,20 is also noteworthy.
Association of birthweight with natural
deaths in adults might become more promi-
nent as the birth cohorts move into the age
groups where chronic diseases are more
fully expressed.8
With lower mortalities in infancy and
childhood, many more individuals born at
lower birthweights are surviving to adult
life. According to the Barker hypothesis and
much supporting data, including in this
specific tribal group,9-11 these adults are at
higher risk of chronic diseases. Thus the
epidemic of chronic disease in Aboriginal
people appears to be a legacy, in part, of
earlier therapeutic triumphs. In multideter-
minant models of disease, birthweight is
only one of several potential risk factors, but
its effect might partly account for the incom-
plete explanation of cardiovascular and
renal risk in multivariate models which con-
sider only more traditional risk factors.9,26
The reductions in mortality over time
must be applauded. They refute pessimistic
views of trends in adult Aboriginal mortality,
and predict further improvements as more
robust birthweights are sustained, if other
risk factors do not increase. Birthweights in
this community (mean, about 3100 g) and
in Aboriginal people nationwide (mean,
3157 g) remain low relative to the nation-
wide average of 3369 g, and Aboriginal peo-
ple have more than twice the rate of low
birthweight.7 It is not clear what an ideal
birthweight should be in the Aboriginal
population, but intrauterine development is
8 Hazard ratios for natural deaths in infants, children and adults for birthweight 
less than the group median relative to birthweight higher than the group 
median by underlying or associated cause of death, adjusted for birth interval, 
age and sex
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still frequently impaired by low maternal
body mass index, low maternal age, and
high rates of smoking and alcohol use.27
Similar phenomena are probably operat-
ing in other populations and “developing”
countries experiencing reductions in infant
mortality and burgeoning chronic disease
rates. Historical perspectives allow more
sophisticated interpretation of such events
and trends.
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